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(54) Semiconductor laser module 

(57) A semiconductor laser module (1 ) in which: the 
distance between a semiconductor laser chip (1 1) arid a 
diffraction grating can be shortened; the light output 
spectrum is stabilized; and the output characteristic 
does not fluctuate due to the external condition. In the 
semiconductor laser module (1), a diffraction grating 
structure (FG) is constituted in an optical fiber (21) by at 



least two diffraction gratings (FG1.FG2) for reflecting 
light with different wavelengths respectively. The diffrac- 
tion grating structure is formed in a place corresponding 
to the inside of the package or the inside of the coupling 
means. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor 
laser module, and particularly relates to a semiconduc- 
tor laser module having a fiber grating (FG) (or embed- 
ded fiber grating reflector) structure which is formed 
from a diffraction grating incorporated in an optical fiber. 

Heretofore, a method in which a fiber grating or 
embedded fiber grating reflector structure (sometimes 
abbreviated to "FG structure") is formed from a diffrac- 
tion grating incorporated in an optical fiber receiving 
laser light emitted from a laser diode is often employed 
in a semiconductor laser module. By using the fiber 
grating, stabilization of the wavelength (for example, 
0.98 jam band) of emitted laser light from the module 
can be attained and this wavelength can be controlled 
(for example, ELECTRONIC LETTERS Vol. 30 No. 25 
(1994. 12. 8), p.2147-2149. LEOS Conf. Digest, New 
Semiconductor Laser Devices and Applications (1990)). 
The semiconductor laser module of this type is popu- 
larly used in optical fiber communication, or the like. For 
example, as a semiconductor laser module in which a 
single fiber grating is incorporated, it is known that in 
which a fixed pitch of refractive index variation grating 
(FG) is formed in a place distanced by 10 cm to the 
order of meters from the laser chip, that is, from an end 
surface of the optical fiber is known. 

In the case where this fiber grating (FG) is present 
in the outside of the package in which the laser chip is 
installed, the optical fiber between the laser diode (LD) 
and the fiber grating (FG) may suffer from stress such 
as bending or stretching. In a resonator formed between 
the laser diode and the fiber grating, the state of light 
polarization changes easily because of the stress of the 
optical fiber. Accordingly, the output characteristics of 
the laser module fluctuates easily. 

In the case of a light-emitting module in which a 
fiber grating is incorporated, it may be thought of to 
insert an optical fiber into a tubular structure called fer- 
rule" and incorporate a diffraction grating in the optical 
fiber in the ferrule so that the optical fiber is protected 
from such disturbance. 

if the FG diffraction grating is incorporated in such 
a structure, however, the distance between the laser 
diode chip (strictly, the light emitting surface thereof) 
and the diffraction grating is shortened. Accordingly, the 
output characteristics of the module become unstable, 
because wavelength difference of the longitudinal 
mode, which is defined by the distance between the 
laser chip and FG. is large and the contribution of each 
mode is reflected more clearly to the output of the mod- 
ule. This results as kinks in the optical output power 
characteristics against the external conditions such as 
driving current and operating temperature. 

Hence, it has been difficult to incorporate a fiber 
grating structure into a ferrule. 



SUMMARY OF THE INVENTION 

It is therefore a main object of the present invention 
to provide a semiconductor laser module in which: the 

5 distance between a semiconductor laser chip and a dif- 
fraction grating can be shortened; the light output spec- 
trum is stabilized; and the output characteristic does not 
fluctuate due to the external condition. 

It is another object of the present invention to pro- 

w vide a semiconductor laser module of a compact struc- 
ture in which: stabilized output characteristic is 
obtained; and the size in the direction of the optical path 
can be more shortened. 

The above objects can be achieved, according to a 

is first feature of the present invention, by a semiconductor 
laser module comprising a semiconductor laser chip for 
emitting light, a package in which the semiconductor 
laser chip is installed, an optical fiber having a diffrac- 
tion grating structure for reflecting light with a predeter- 

20 mined wavelength selected from the emitted light of the 
semiconductor laser chip, and a coupling means for 
coupling the package and the optical fiber to each other, 
wherein the diffraction grating structure is constituted by 
at least two diffraction gratings for reflecting light with 

25 different wavelengths respectively and is formed in a 
place corresponding to the inside of the package or the 
inside of the coupling means. 

The above objects can be achieved, according to a 
second feature of the present invention, by a semicon- 

30 ductor laser module comprising a semiconductor laser 
chip for emitting light, a package in which the semicon- 
ductor laser chip is installed, an optical fiber having a 
diffraction grating structure for reflecting light with a pre- 
determined wavelength selected from the emitted light 

35 of the semiconductor laser chip, and a coupling means 
for coupling the package and the optical fiber with each 
other, wherein the diffraction grating structure includes 
at least one chirped grating in which a physical period of 
refractive index variation changes continuously and 

40 which is formed in a place corresponding to the inside of 
the package or the inside of the coupling means. 

As described above, in a semiconductor laser mod- 
ule comprising a package in which the semiconductor 
laser chip is installed, an optical fiber having a fiber grat- 
is ing (FG) for reflecting light with a predetermined wave- 
length selected from the emitted light of the 
semiconductor laser chip, and a coupling means for 
coupling the package and the optical fiber with each 
other, the present invention is configured so that the FG 

so is formed in a place corresponding to the inside of the 
package or the inside of the coupling means. Further, 
according to the first feature of the invention, the FG is 
constituted by at least two diffraction gratings for reflect- 
ing light with different wavelengths respectively, while 

55 according to the second feature of the invention, the FG 
is constituted by a chirped grating in which the physical 
period of the refractive index variation changes continu- 
ously. 
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Because the fiber grating (FG) is thus formed in a 
place corresponding to the inside of the package or the 
inside of the coupling means, according to the present 
invention, a resonator formed between the semiconduc- 
tor laser chip (LD) and the FG is prevented from being 5 
affected by bending or stretching caused by distur- 
bance. 

Furthermore, according to the first feature of the 
present invention, the FG is constituted by at least two 
diffraction gratings for reflecting light with different 10 
wavelengths respectively. Even in the case where the 
distance between the LD and the FG is selected to be 
short, the light output characteristic is not affected by 
the change of environment such as temperature, etc, 
and is stabilized. 75 

Further, these at least two diffraction gratings can 
be fabricated suitably by performing overwriting in one 
and the same region of the optical fiber. That is, when a 
plurality of FGs with different reflection wavelengths are 
tupenmposed in one and the same place of the optical 20 
1t>er. not only the FG producing region can be reduced 
but also light output characteristic free from kinks can 
be obtained. 

Further, according to the second feature of the 
present invention, the FG is constituted by a chirped 25 
grating tn which the physical period of the refractive 
index variation changes continuously. As well known, 
the chirped grating is a grating in which each grating 
distance changes continuously and monotonously. 
Accordingly, also in this configuration, stabilized light 30 
output spectrum is obtained in the same manner as in 
the case described above even in the case where the 
distance between the LD and the FG is shortened. Con- 
sequently, the light output characteristic is not affected 
by the change of ambient environment such as temper- 35 
ature. etc. 

Although other features and advantages of the 
present invention will be understood clearly from the fol- 
lowing description of embodiments in connection with 
accompanying drawings, the scope of the present 40 
invention is not limited by the description but limited only 
by the scope of Claim. 

BRIEF DESCRIPTION OF THE DRAWINGS 



istic in the case of the prior art. 

Fig. 6 is an enlarged longitudinally sectioned view 
schematically showing a main part of another mode of 
FG formation in an embodiment of the present inven- 
tion. 

Fig. 7 is a longitudinally-sectioned view schemati- 
cally showing a main part of the semiconductor laser 
module according to another embodiment of the 
present invention. 

Fig. 8 is a graph showing the FG reflection spectral 
characteristic of another diffraction grating. 

Fig. 9 is a longitudinally-sectioned view schemati- 
cally showing the semiconductor laser module accord- 
ing to a further modified embodiment of the present 
invention. 

Fig. 10 schematically shows an optical fiber ampli- 
fier using the semiconductor laser module according to 
the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



45 

Fig. 1 is a longitudinally-sectioned view schemati- 
cally showing a semiconductor laser module according 
to an embodiment of the present invention. 

Fig. 2 is a longitudinally-sectioned view schemati- 
cally showing part of the semiconductor laser module so 
according to a modified embodiment of the present 
invention. 

Fig. 3 is a graph showing the FG reflection spectral 
characteristic of a diffraction grating. 

Fig. 4 is a graph showing an example of character- 55 
istic of the semiconductor laser module according to an 
embodiment of the present invention. 

Fig, 5 is a graph showing an example of character- 



Fig. 1 shows a schematic longitudinally-sectioned 
view of a semiconductor laser module according to an 
embodiment of the present invention. This semiconduc- 
tor laser module comprises mainly an LD package 1, 
and an FG connector 2. A semiconductor laser chip 1 1 
is installed in the LD package 1. This semiconductor 
laser chip 11 is mounted on a chip carrier 12. When 
driven by an electrical drive circuit not shown, the semi- 
conductor laser chip 1 1 can emit light correspondingly. 
The reflectivity of the light-exit surface of the semicon- 
ductor laser chip 11 is preferably selected to be not 
larger than 2 % from a reason which will be described 
later. 

Further, the chip carrier 12 is fixed to a bottom por- 
tion of the LD package 1 , for example, through a cooling 
means 13. This cooling means 13 is constituted by a 
heat radiating element such as a Peltier effect element. 
This cooling means 13 gives an appropriate heat radiat- 
ing function to the laser chip 1 1 when the cooling means 
13 is driven. 

A first lens 14 called "collimate lens" may be further 
provided in the LD package 1. This first lens 14 is sup- 
ported on the chip carrier 12 at the light-exit side while 
the optical axis of the first lens 1 4 is made coincident 
with the optical axis of the semiconductor laser chip 1 1 . 
A coupling means 16 having hermetic glass 15 is fitted 
into an opening opposite to this lens. Accordingly, the 
emitted light from the laser chip 11 is led into the FG 
connector 2. 

On the other hand, the FG connector 2 is mainly 
composed of an optical fiber 21. and a ferrule 22. Dif- 
fraction gratings are incorporated in this optical fiber 21 
so that so-called *fiber grating (FG)" structures are 
formed. The fiber grating structures can be formed by a 
suitable method such as a Holographic method, a 
method using X-ray radiation to obtain a desired refrac- 
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tive index change. According to a first feature of the 
present invention, the structures are formed from at 
least two diffraction gratings FG^ and FG2 having func- 
tions of reflecting light with different wavelengths 

respectively. 5 

Optical elements such as a second lens 23 for col- 
lecting light, etc. can be disposed in an optical path 
between the optical fiber 21 and the first lens 14. An iso- 
lator (not shown) can be disposed in the output side of 
the diffraction grating FG 2 - These optical elements can 10 
be wholly or partly provided in the LD package 1 or FG 
connector 2. In the example shown in Fig. 1 , the second 
lens 23 is provided in a support portion 24 while the 
optical axis of the second lens 23 coincides with the 
optical axis of the laser output light from the semicon- 15 
ductor laser chip 1 1 . 

The optical fiber 21 is inserted in the inside of the 
ferrule 22. The ferrule 22 is fixed to the LD package 1 
through a sleeve 25. For example, this sleeve 25 is fixed 
together with the optical system support portion 24 to 20 
the coupling means 16 by a suitable bonding means as 
shown in the drawing. A main function of this ferrule 22 
is to provide a connection means for supporting the opti- 
cal fiber 21 to optically connect the optical fiber 21 to the 
LD package 1 and a protection means for protecting the 25 
optical fiber 21 from stress in terms of disturbance. 

Further, the FG connector 2 is wholly supported 
and protected by a connector cover 26 represented by 
the broken line. The structure of the FG connector 2 can 
be changed as exemplified in Fig. 2. In the example 30 
shown in this drawing, the ferrule 22 is supported by an 
integrated connector sleeve 28 so that the connector 
structure is simplified more greatly. 

In Fig. 2, an end of the optical fiber 21 is spherically 
processed so that an optical lens portion 27 called 35 
"hemispherical fiber-lens" is formed instead of both the 
first and second lenses or instead of the second lens 23. 
By use of the optical lens portion 27, the total efficiency 
is improved in cooperation with the feature of the fiber 
grating as will be described later, so that the light output 40 
power from the module can be increased. Further, by 
use of the optical lens portion 27, the size of the module 
in the direction of the optical path can be reduced. 

According to the first feature of the present inven- 
tion, the optical fiber 21 has at least two diffraction grat- 45 
ings FG-| and FG2 as fiber grating (FG) structures as 
described above. These diffraction gratings FG^ and 
FG 2 have functions of reflecting light with different 
wavelengths X^ and X 2 respectively, so that equal-width 
gratings having different physical periods of refractive so 
index variation to each other are formed as shown sim- 
ply in Fig. 1 . 

The reflection bandwidth of the FG can be 
expanded even in the case where the diffraction grat- 
ings FG-i and FG 2 of with different wavelengths X^ and 55 
X 2 respectively are achieved by overwriting in one and 
the same region of the optical fiber as will be described 
later. 



Hence, according to the invention, l-L characteristic 
(characteristic of output light intensity L of the module 
with respect to a current I applied to the LD) free from 
kinking can be provided even in the case where the dis- 
tance between the semiconductor laser chip (LD) 11 
and each fiber grating FG 1( FG 2 takes a short value not 
greater than 10 cm. such as 2 cm. 

Fig. 3 shows FG reflection spectrum (reflectivity 
(R)-wavelength (X) characteristic) for explaining the 
characteristic of a diffraction grating employed as an FG 
structure. In the case where two diffraction gratings FG^ 
and FG 2 are produced successively in order of the 
nearer to the input end surface of the optical fiber 21 
according to the first feature of the present invention, 
the reflectivities R-| and R 2 , wavelengths X^ and X 2 and 
line widths AX-j and AX 2 of the diffraction gratings FG-) 
and FG 2 are preferably selected to satisfy the following 
relations: 

X -y < X 2 , 



R 1 , R 2 ^6 %, 



preferably, 



2%< R v R 2 <6%, 



AX^, AX 2 > 2 nm, 



preferably, 



2 nm <, AX,, AX 2 ^ 16 nm, 



and 



|X 1 - X 2 \ < 10 nm. 



When each of the reflectivities R 1 and R 2 of the dif- 
fraction gratings FG^ and FG 2 is selected to be not 
larger than 6 %, characteristic free from kinks can be 
obtained compared with the case where the reflectivity 
is larger than 6 %. Further, if each of the reflectivities R-j 
and R 2 is selected to be not smaller than 2 %, oscillation 
at a Bragg wavelength can be obtained compared with 
the case where the reflectivity is smaller than 2 %. 

With respect to a Bragg wavelength, as well known, 
when light is input to a diffraction grating, only the light 
with a wavelength equal to an integer multiple of the 
physical period of the diffractive index variation is 
reflected selectively. The wavelength of light at that 
point is called a "Bragg wavelength" (X = 2nA n: effec- 
tive index, A: period of refractive index change). 

Further, when the lower limit of each of the reflectiv- 
ities R-i and R 2 of the diffraction gratings FG^ and FG 2 
is selected to be not smaller than 1 % as represented by 
the two-dot chain line in Fig. 3. The value of the total 
reflectivity R which is the sum of these reflectivities R-i 
and R 2 is selected to be in a range of from 2 to 6 %, pre- 
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ferred oscillation with a Bragg wavelength can be also 
obtained. That is, 

1 %< R v R 2 £6%, or 

5 

2 % < R < 6 % 

is a preferred value concerning the reflectivities of these 
diffraction gratings. 

When each of the band widths AX^ and AX 2 of the w 
diffraction gratings FG-j and FG 2 is selected to be not 
smaller than 2 nm, characteristic free from kinks can be 
obtained compared with the case where the band width 
is smaller than 2 nm. When each of the band widths AA. 1 
and AX 2 is selected to be not larger than 16 nm, a light is 
output bandwidth of the module effective for excitation 
of EDF (Erbium-Doped Fiber), for example, not larger 
than about 10 nm can be obtained. Fig. 10 shows an 
example of EDFA (Erbium-Doped Fiber Amplifier) in 
which the semiconductor laser module constructed by 20 
the LD package 1 and the FG connector 2 according to 
the present invention is employed for excitation of EDF. 
In Fig. 10, reference numeral 100 designates an 
erbium-doped fiber; 101 , a light source for generating a 
signal beam; 102, a wavelength multiplexer/demulti- 25 
plexer (WDM) to which excitation light emitted from the 
semiconductor laser chip 1 1 of the semiconductor laser 
module is input through an optical fiber 21 ; and 103 and 
104, optical fibers not having amplification function. 

When the wavelength X, of the diffraction grating 30 
FG-) nearer to the input end surface of the optical fiber 
21 is selected to be smaller than the wavelength X^ °f 
the farther diffraction grating FG 2 , the wavelength of 
input light given to the farther diffraction grating FG 2 
from the semiconductor laser chip (LD) 1 1 can be pre- 35 
vented from being affected by the loss due to the clad 
mode of the diffraction grating FG 1 nearer to the LD 1 1. 

When the absolute value |? M - X 2 \ of the wavelength 
difference between the wavelengths X A and X 2 of the dif- 
fraction gratings FG! and FG 2 is selected to be not 40 
larger than 10 nm, the oscillation spectral bandwidth 
can be selected to be in a desired value range of not 
larger than 10 nm. 

Further, when the reflectivity of the output end sur- 
face of the semiconductor laser chip (LD) 1 1 is selected 45 
to be not larger than 2 % as exemplified above, oscilla- 
tion at Bragg wavelengths of fiber gratings can be 
obtained. That is, when the LD reflectivity is larger than 
2 %, oscillation in the Fabri-Perot mode of the semicon- 
ductor laser chip (LD) 1 1 is apt to occur. 50 

Fig. 4 shows measured characteristic as an exam- 
ple in the case where the wavelengths X^ and X 2 , the 
reflectivities R-, and R 2 and the band widths AX^ and 
AX 2 are selected to be Xi = 1479 nm. X 2 = 1481 nm, R-, 
= R 2 = 3 % and AX^ = AX 2 = 3 nm according to this 
invention. That is. light output P and its slope efficiency 
S having characteristic as shown in Fig. 4 with respect 
to the current I applied to the LD 11 are obtained. 



Accordingly, I-L characteristic free from kinks can be 
obtained, and stable light output can be obtained. 

With respect to the slope efficiency S, as well 
known, the light intensity L in the l-L characteristic rises 
with a predetermined slope when the LD current 
reaches an emission threshold current l^, and this 
slope AUA\ is called the "slope efficiency". 

When only one diffraction grating with wavelength X 
as 1480 nm, reflectivity R = 3 % and band width AX ~ 3 
nm is formed in the optical fiber in the same module 
structure as an comparative example, characteristic as 
shown in Fig. 5 is obtained, that is, the slope efficiency 
is widely fluctuated. 

As is obvious from comparison between the char- 
acteristics shown in Figs. 4 and 5, in the case where the 
optical fiber 21 has two diffraction gratings FG-) and FG 2 
(Fig. 4), l-L characteristic free from kinking can be 
obtained, that is, stable light output spectrum can be 
obtained compared with the case where the optical fiber 
21 has only one diffraction grating (Fig. 5). 

Further, three or more diffraction gratings FG 1t 
FG 2 , FG 3 ,... can be produced successively in order of 
the nearer to the input end surface of the optical fiber 
21. In this case, respective values are preferably 
selected to satisfy the following relations from the same 
reason as described above in the case of two diffraction 
gratings FG-j and FG 2 . 



R-j, Rj>, R3,... ^6%, 
preferably, 

2 % < ^ 1 • ^ 2 • R 3 »*•* ^6 %, 
AX^ t AX 2 , AX$ t ... > 2 nm, 
preferably, 

2 nm s AX.J, AX 2 , A A. 3,... S 16 nm, 
and 

0 nm. 

Oscillation at Bragg wavelengths can be obtained if 
the lower limit of each of the reflectivities R 1f R 2 , R3,... 
of the diffraction gratings FG 1( FG 2 , FG 3 .... is selected 
to be not smaller than 1 % and the total reflectivity R as 
the sum of these reflection factors R v R 2 . That is. 

1 % £ R 1( R 2 . R 3 .... < 6%, or 

55 2 % < R <; 6 % 

is a preferred value concerning the reflectivities of these 
diffraction gratings. 
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Further, the plurality of diffraction gratings formed in 
predetermined regions of the optical fiber can be prefer- 
ably achieved by overwriting in one and the same region 
of the optical fiber. Fig. 6 schematically shows an exam- 
ple in which two diffraction gratings FG-j and FG 2 are 5 
overwritten in one and the same region. In Fig. 6, one 
diffraction grating FG^ is represented by the solid line 
and the other diffraction grating FG2 is represented by 
the broken line. Respective values of these diffraction 
gratings FG-| and FG2 are selected to satisfy the same /<? 
relations as explained above with reference to Fig. 3. 
Three or more diffraction gratings may be overwritten in 
the same manner as described above. Also in this case, 
respective values of the diffraction gratings are selected 
in the same manner as described above. 15 

When at least two diffraction gratings (FG<| and 
FG2) are formed in one and the same region of the opti- 
cal fiber as described above, not only the FG formation 
region can be reduced but also output characteristic 
free from kinks can be obtained. Also in this case, each 20 
of the reflectivities (R 1f R 2 ...) of the diffraction gratings 
(FG 1p FG 2 ,„.) is preferably selected to be in a range of 
from 1 to 6 % and the total reflectivity R as the sum of 
these reflectivities is preferably selected to be in a range 
of from 2 to 6 % in the same manner as described 25 
above. 

Rg. 7 shows a schematic longitudinally-sectioned 
view of a main part of the semiconductor laser module 
according to another embodiment of the present inven- 
tion. The structure of the LD package 1 in this module is 30 
not particularly different from that in Fig. 1 . For example, 
the reflectivity of the light emitting surface of the semi- 
conductor laser chip 1 1 is preferably selected to be not 
larger than 2 % in the same manner as described 
above. In the FG connector 2, on the other hand, a dif- 35 
ference in external appearance is in that the ferrule 22 is 
supported and protected by a connector sleeve 29. The 
only point of difference optically or basically from the 
semiconductor laser module in Fig. 1 is in that the opti- 
cal fiber 21 of the FG connector 2 has at least one 40 
chirped grating FGc in which the physical period of the 
refractive index variation changes continuously accord- 
ing to a second feature of the present invention. As well 
known, the chirped grating FGc means a grating in 
which each physical period of the refractive index varia- 45 
tion changes continuously and monotonously. The 
chirped grating FG C also includes a grating in which 
each physical period of the refractive index variation 
changes randomly. 

The physical period of the refractive index variation so 
of this chirped grating FG C may be narrow on the side 
near the input side end surface of the optical fiber 21 
while it is gradually spread along the travelling direction 
of the laser light, so that schematically, FG reflection 
spectra as shown in Fig. 8 are exhibited. Hence, even in 55 
the case where, for example, the distance between the 
laser diode (LD) 11 and the chirped grating FGc is 
short, stabilized light output can be obtained. In the 



case where the chirped grating FG C in which the physi- 
cal period of the refractive index variation changes con- 
tinuously is provided according to the second feature of 
the present invention, it is preferable from the same rea- 
son as described above in at least two diffraction grat- 
ings FG-, and FG2 with reference to Fig. 2 that the 
reflectivity R c , mean wavelength Xq and line width 
of the diffraction grating FGc are selected to satisfy the 
following relations: 

R C ^ 6 °/<a, 

preferably. 

2 % < R c £ 6 %, and 
AX C > 2 nm, 

preferably, 

2 nm <, AX C £ 16 nm. 

Also in the case where the chirped grating FG C is 
produced, this diffraction grating FG C is suitable for 
obtaining oscillation at Bragg wavelength when the 
reflectivity R c is selected to have a lower limit of 1 % as 
represented by the two-dot chain line in Fig. 8 and sat- 
isfy the following relation. 

1 %< R c < 6% 

In addition, as similarly to the case shown in Fig. 6. 
a plurality of chirped gratings FGc mav be overwritten in 
one and the same region. 

In the semiconductor laser module according to the 
present invention, the structure and form thereof can be 
changed variously as exemplified above in Figs. 1, 2 
and 6 without departing from the thought thereof, and, 
further, may be changed as shown in Fig. 9. In the sem- 
iconductor laser module shown in Fig. 9, a casing 1 7 of 
the LD package 1 is extended. The optical fiber 21 sup- 
ported by the fiber holder 22 enters this extended por- 
tion so as to be disposed in the LD package 1 . The fiber 
holder 22 is fixed stably to the casing 1 7 and an inner 
wall 18 by a connector sleeve 30. Accordingly, in this 
example, the optical fiber 21 is protected strongly from 
various kinds of physical disturbance. Accordingly, sta- 
bler characteristic can be obtained and the size can be 
reduced compactly as a whole. 

As described above, according to the present 
invention, a fiber grating (FG) for reflecting only light of 
a predetermined wavelength selected from output light 
from a semiconductor laser chip installed in a package 
of an optical fiber is provided in a place corresponding 
to the inside of the package or the inside of a coupling 
means. Further, the fiber grating is constituted by at 
least two diffraction gratings (FG 1 and FG 2 ) for reflect- 
ing light of different wavelengths respectively or consti- 
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tuted by a chirped grating (FGc) in which the period of 
the refractive index changes continuously. Accordingly, 
not only the size in the direction of the optical path can 
be shortened but also light output oscillation spectra 
can be stabilized regardless of the reduction of the size. 5 
Consequently, a semiconductor laser module having 
output characteristic which does not change corre- 
spondingly to the external condition is obtained. 

Claims 10 

1 . A semiconductor laser module comprising: 

a semiconductor laser chip for emitting light; 

a package in which said semiconductor laser is 8. 

chip is installed; 

an optical fiber having a diffraction grating 
structure for reflecting light with a predeter- 
mined wavelength selected from the emitted 9. 
light of said semiconductor laser chip; and 20 
a coupling means for coupling said package 
and said optical fiber to each other; 

characterized in that said diffraction 
grating structure includes at least two diffrac- 10. 
tion gratings for reflecting light with different 25 
wavelengths respectively which are formed in a 
place corresponding to the inside of said pack- 
age or the inside of said coupling means. 



chip is installed; 

an optical fiber having a diffraction grating 
structure for reflecting light with a predeter- 
mined wavelength selected from the output 
light of said semiconductor laser chip; and 
a coupling means for coupling said package 
and said optical fiber with each other; 

characterized in that said diffraction 
grating structure includes at least one chirped 
grating in which a physical period of refractive 
index variation changes and which is formed in 
a place corresponding to the inside of said 
package or the inside of said coupling means. 

A semiconductor laser module according to Claim 
7, wherein the reflectivity of said diffraction grating 
has a value of from 1 to 6 %. 

A semiconductor laser module according to Claim 7 
or 8, wherein the half-value width of the reflectivity 
of said diffraction grating has a value of from 2 to 16 
nm. 

A semiconductor laser module according to any 
one of Claims 7 through 9, wheran said diffraction 
grating is a chirped grating having the shortest grat- 
ing width on its side near an end surface of said 
optical fiber. 



2. A semiconductor laser module according to Claim 
1 , wherein the reflectivity of each of said diffraction 
gratings has a value of from 1 to 6 %. 



30 



3. A semiconductor laser module according to Claim 1 
or 2, wherein the half -value width of the reflectivity 
of each of said diffraction gratings has a value of 
from 2 to 16 nm. 



35 



4. A semiconductor laser module according to any 
one of Claims 1 through 3, wherein the central 
value of the reflection wavelength of the diffraction 
grating nearest to an end surface of said optical 
fiber is the shortest wavelength. 



40 



5. A semiconductor laser module according to any 
one of Claims 1 through 3. wherein said at least two 
diffraction gratings are overwritten in one and the 
same region in said place. 



45 



6. A semiconductor laser module according to any 
one of Claims 1 through 5, wherein the total reflec- 
tivity of said at least two diffraction gratings has a 
value of from 2 to 6 %. 



so 



7. A semiconductor laser module comprising: 

a semiconductor laser chip for emitting light; 
a package in which said semiconductor laser 
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FIG. 5 
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